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Probiotic bacteriaThe probiotics can be useful to improve the immune response in experimental challenges, like the exhausting
exercise, that cause immunosuppression. We have evaluated a probiotic yogurt and a probiotic whey bever-
age using an exhausting physical-exercise protocol with rats. Wistar rats were given a daily 4-mL supplement
of each type of conventional or probiotic yogurt andwhey beverage,manufacturedwith lactic culture Streptococ-
cus thermophilus TA040 and Lactobacillus bulgaricus LB340, and probiotic culture Lactobacillus acidophilus LA 14
and Biﬁdobacterium longum BL 05. The effects on the immune systemwere compared to those of pair-treated co-
horts receiving for 14 days. Results demonstrated that the probiotic yogurt outperformed the probiotic whey
beverage in blood-cell indicators (neutrophils and lymphocytes), cytokines (TNF-α and IL-1β) and various stan-
dard health parameters. In conclusion, in this study, the treadmill exercise assay successfully produced immuno-
suppression in the rat and the combination of the nutrients and probiotic bacteria of the yogurt reduces more
effectively the adverse effects developed over the prolonged strenuous exercise than did a similar probiotic
whey beverage.
© 2013 Elsevier Ltd. All rights reserved.1. Introduction
Dairy foods are the main types of food matrices supplemented with
probiotic bacteria and they have a positive reputation among con-
sumers (Granato, Branco, Cruz, Faria, & Shah, 2010). Among the dairy
products, yogurt/fermentedmilks have been the subject of several stud-
ies all over theworld and different beneﬁts for human health have been
reported after their ingestion (Wang et al., 2012). The regular consump-
tion of probiotic foods can provide health beneﬁts (Cruz, Buriti, Souza,
Faria, & Saad, 2009), among which improvements in the immune sys-
tem increasing resistance to infection in the upper respiratory tract of
athletic subjects (de Vrese et al., 2006), common infections and gastro-
intestinal illnesses (West et al., 2011).
The probiotics are described as useful for athletes in combat
against oxidative stress (Martarelli et al., 2011), improvement in mu-
cosal immunity (Cox, Pyne, Saunders, & Fricker, 2010) and general
immunity (Gleeson et al., 2012). Stressful situations such as those
derived from intense physical exercise can increase the incidence ofspartate aminotransferase; CK,
nterleukin 1 beta; Protal, total
tor alpha.
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Lollo).
rights reserved.gastrointestinal disease episodes, particularly of diarrhea during heavy
training (Mackinnon, 2000), and are likely to cause increased susceptibil-
ity to infections of the upper respiratory tract (Mackinnon, 2000) due in
part to suppression of the functions of the immune system succeeding in-
tense exercise sessions prolonged to exhaustion (Pedersen & Hoffman-
Goetz, 2000). Probiotics can prevent illnesses during heavy training and
competition,which is one of the priorities for athletes, technicians and ex-
ercise scientists, who are interested in minimizing gastrointestinal disor-
ders, particularly diarrhea, during travel for international competitions,
since these adversely affect adaptation periods and physical perfor-
mance (Pyne & Gleeson, 1998).
It has been demonstrated that consumption of probiotic can enhance
the immune system and health of sedentary and exercised subjects
(Corthesy, Gaskins, & Mercenier, 2007; Fang, Elina, Heikki, & Seppo,
2000; Gleeson, Nieman, & Pedersen, 2004). Therefore probiotics could
be used to indirectly maximize athletic performance by preventing the
immunosuppression causedbyprolonged sessions of intensephysical ex-
ercise, thus reducing the athlete's susceptibility to disease (Nichols, 2007)
and the incidence of acute infections, diarrheas and their associated
symptoms (Guarino, Lo Vecchio, & Canani, 2009).
Considering the beneﬁts that food supplementation with probiotics
could bring to athletes, directly or indirectly, reducing gastrointestinal
disorders and improving the immune system, preventing infections of
the upper respiratory tract, the objective of this study was to evaluate
the efﬁciency of two different probiotic matrices, yogurt and whey
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rats exercised to the point of exhaustion after receiving the probiotic
supplements for 14 days. The probiotic strains used in this study were
Lactobacillus acidophilus LA 14 and Biﬁdobacterium longum BL 05
(Danisco, São Paulo, Brazil). These probiotic bacteria have been used
in several commercial dairy products available on the Brazilian market,
as well as in previous studies covering dairy foods from a technological
point of view (Cruz, Castro, Faria, Bogusz, et al., 2012; Cruz, Castro, Faria,
Lollo, et al., 2012; Cruz et al., 2010). Recently the ingestion of fresh
Minas cheese supplemented with these probiotic strains attenuated
exercise-induced immune suppression in Wistar rats (Lollo, Cruz,
et al., 2012).
2. Material and methods
2.1. Animals
Male (21-day-old, speciﬁc-pathogen-free) Wistar rats, bred at the
Multidisciplinary Center for Biological Research (University of Campinas,
SP, Brazil), were housed (~22 °C, 55% relative humidity, inverted 12-h
light/12-h dark cycles) in individual growth cages, with free access to
commercial chow (Labina, Purina, Brazil) and water at all times, until
they reached a body weight of 150.3 ± 8.3 g. The researchmethodology
was approved by the Ethics Committee on Animal Experimentation
(CEEA-UNICAMP, protocol 2345-1). The animalswere randomly assigned
to 1 of 10 groups (n = 6 per group), depending onwhether the diet was
probiotic yogurt, conventional yogurt, whey probiotic beverage, whey
beverage or control and whether the rats were exhausted or remained
sedentary. Every day the animals were gavagedwith 4 mL of the appro-
priate beverage under test, the control group being fed 4 mL water
(Fig. 1). This study adhered to the American College of Sports Medicine
animal care standards.
2.2. Yogurt and whey beverage processing
The yogurt andwhey beveragewere processed according tomethods
published elsewhere (Castro, Cruz, Bisinotto, et al., 2013; Castro, Cruz,
Rodrigues, et al., 2013; Cruz et al., 2010), the only difference being the ex-
clusion of glucose oxidase from the former. The whey probiotic beverage
was manufactured considering a formulation with 49% cheese whey and
51% milk (% v/v). No addition of pulp fruit and sweetened agent was
performed. The lactic (Streptococcus thermophilus TA040 and LactobacillusFig. 1. Whey bev.: whey beverage; Probiotic whey bev.: Probiotic whey beverage.bulgaricus LB340, Danisco, São Paulo, Brazil) and probiotic cultures were
added to obtain concentrations of approximately 6 and 8 log cfu/g in
both the yogurt and the whey beverage. The cultures were commercial
freeze-dried cultures for direct vat inoculation, and adequate distribution
was ensured by manual homogenization for about 2 min.
2.3. Lactic and probiotic bacteria count
The lactic and probiotic count was performed using standardized
microbiological methods published elsewhere (Cruz et al., 2013).
The count of S. thermophilus TA040 was quantiﬁed using M17 agar
(Oxoid, São Paulo, Brasil) following incubation under aerobic conditions
at 37 °C for 48 h while for L. bulgaricus it used Man, Rogosa and Sharpe
(MRS, Oxoid, São Paulo, Brasil) and was previously acidiﬁed to pH 5.4
with acetic acid, and the plates were incubated at 37 °C for 48 h, under
aerobic conditions. Towards the probiotic strains, L. acidophilus count
procedure was performed in Man, Rogosa and Sharpe (MRS) agar
supplemented by 0.15% (wt/vol) bile salts (Oxoid, São Paulo, Brasil),
incubated at 37 °C for 72 h under aerobic conditions while B. longum
the count was carried out in duplicate by deep plating in sodium
lithium-propionate chloride agar with 0.5 g/L of LiCl and 0.75 g/L
of sodium propionate and incubating under anaerobic conditions at
37 °C for 3 days. The viable counts of lactic and probiotic bacteria
were determined after 1 and 14 days of refrigerated storage in both
products and ranged from 9.1 to 9, 8.7 to 8.6, 8.5 to 7.5 and 7.2 to
6.9 log cfu/g of S. thermophilus, L. bulgaricus, L. acidophilus and B. longum,
respectively.
2.4. AA composition and proximate composition of the yogurt, whey
beverage and diets
The amino acids (AA)were extractedwithmethanol and derivatized
with phenylisothiocyanate (White, Hart, & Fry, 1986), and the
phenylthiohydantoin derivatives were submitted to chromatography
using a Luna C-18, 100 , 5 μm, 250 × 4.6 mm column (00G-4252-EQ,
Phenomenex, Torrance, CA), at 50 °C. Quantiﬁcationwas by comparison
with a standard mixture with dl-2-aminobutyric acid as the internal
standard (Sigma-Aldrich Corp., St Louis, MO). The free AA were deter-
mined by extracting 1.25 g samples in 80% ethanol, and adding 0.1 M
HCl plus 500 μL of α-aminobutyric acid as the internal standard, in a
5 mL volumetric ﬂask. The mixture was sonicated for 10 min and fur-
ther homogenized for 1 h, followed by centrifugation at 8500 ×g for
15 min. The supernatant was ﬁltered through a 0.22 μm membrane
and a 40 μL aliquot was derivatized as described above for the injection
of 20 μL into the liquid chromatograph.
Moisture, total ash, protein and lipids were determined according
to AOAC (2002) methods. The total carbohydrate content was in-
ferred by difference. The experimental diets were isonitrogenous
(approximately 16% protein, dry basis), isolipidic, and isocaloric
(approximately 360 kcal/100 g). Table 1 shows the proximate com-
position and AA contents of the yogurt, whey beverage and diets. The
AA composition and proximate composition were performed with three
samples of each product/diet.
2.5. Exhaustion protocol
The rats were introduced to the treadmill by running for 10 min at
10 m/min on the day before being brought to exhaustion. The ex-
haustion test was applied following the time–speed schedule shown
in Fig. 1B (Lollo, Cruz, et al., 2012).
2.6. Biochemical parameters
Twohours after the exhaustion session, blood sampleswere collected
in BD-Vacutainers tubes (Becton Dickinson, Franklin Lakes, NJ), kept at
4 °C, and centrifuged at 3000 ×g (4 °C, 12 min) to obtain serum for the
Table 1
Proximal and amino acid composition of the diet, yogurts and whey beverages (common and probiotic).
Diet (control) Common yogurt Probiotic yogurt Common whey bev. Probiotic whey bev.
Macronutrients (percentual composition) Lipids 5.08% 2.45 2.42 1.07 2.14
Ashes 8.27% 0.72 0.71 0.47 0.62
Moisture 9.02% 88.72 88.74 82.34 81.50
Protein 21.88% 2.90 2.92 1.66 2.61
Carbohydrate 55.76% 5.24 5.20 14.46 13.12
Amino acids ASP 2.00 0.23 0.21 0.14 0.11
GLU 4.03 0.66 0.58 0.36 0.30
SER 1.08 0.17 0.16 0.10 0.09
GLN 0.97 0.06 0.05 0.03 0.03
HIS 0.54 0.07 0.07 0.04 0.04
ARG 1.61 0.10 0.09 0.06 0.05
TER 0.78 0.10 0.09 0.06 0.05
ALA 1.04 0.09 0.09 0.05 0.04
PRO 1.28 0.31 0.29 0.17 0.15
TYR 0.78 0.15 0.15 0.09 0.08
MET 0.45 0.19 0.19 0.11 0.10
CIS 0.28 0.10 0.10 0.06 0.05
VAL 1.00 0.02 0.02 0.03 0.03
ILE 0.89 0.15 0.16 0.11 0.10
LEU 1.76 0.29 0.30 0.21 0.20
PHE 1.07 0.02 0.02 0.01 0.01
LYS 1.15 0.27 0.28 0.14 0.15
whey bev. = whey beverage.; Probiotic whey bev.: Probiotic whey beverage
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(HDL) cholesterol, total protein, triacylglycerols, aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), and creatine kinase (CK)
in triplicate measurements. Standard enzymatic glucose and cholesterol
spectrophotometric determinations were carried out using Laborlab
kits (São Paulo, Brazil) in a Biotech EPOCH microplate reader (BioTek,
Winooski, VT).
2.7. Blood cell counts
The blood samples in the K3 EDTA Vacutainer (4 mL) were used
for hematological analyses using an automated cell counter (Ac.T5diff
hematology analyzer, Beckman Coulter, High Wycombe, UK). The
intra-assay coefﬁcient of variation for all measured variables was b3.0%.
2.8. Protein extraction and immunoblotting
The samples of soleus muscle were prepared as described before
(Lollo, Silva, et al., 2012), by homogenizing ~100 mg of frozen tissue
in Triton buffer (100 mM Tris, pH 7.4, 1% Triton X-100) containing
100 mM sodium pyrophosphate, 100 mM NaF, 10 mM EDTA, 10 mM
Na3Vo4, 2 mMPMSF and 0.1 mg/mL aprotinin. The total protein content
of the muscle samples was determined. For immunoblotting, tissue ho-
mogenates were subjected to SDS-PAGE and transferred onto a nitrocel-
lulose membrane using a wide Biocom Western blot system (Bridge of
Weir, UK). The blots were probed with the appropriate antibodies to de-
termine the SOD (dilution 1:1000) using Abcam (Cambridge). Tubulin
was the loading control (dilution 1:2000, ref#sc-8035) (Santa Cruz, CA)
used to assess the protein levels in the tissues. The appropriate secondary
antibody conjugated to peroxidase and the BM chemiluminiscence blot-
ting systemwere used for detection. Thebandswere visualized by chemi-
luminescence (GE— ImageQuant LAS4000, Piscataway, NJ, USA) and the
band intensities were quantiﬁed by processing with the ImageJ program
(v. 1.44 for Windows).
2.9. Statistical analysis
The results were submitted to statistical analyses using SPSS soft-
ware (version 17.0, SPSS Inc., Chicago, IL). The data were tested for nor-
mality (Kolmogorov–Smirnov test) and homogeneity using the tools
available therein. The monovariate ANOVA was used for parametricdata, and the means compared using the Duncan test, adopting a
value of P ≤ 0.05 as the criterion for statistical signiﬁcance.
3. Results
The viable counts of lactic and probiotic bacteria were determined
after 1 and 14 days of refrigerated storage in both products and
ranged from 9.1 to 9, 8.7 to 8.6, 8.5 to 7.5 and 7.2 to 6.9 log cfu/g of
S. thermophilus, L. bulgaricus, L. acidophilus and B. longum, respectively.
The lactic and probiotic count was performed using standardized mi-
crobiological methods published elsewhere (Cruz et al., 2013).
This study showed (Table 2 and Fig. 2) that the exercise protocol
used was sufﬁcient and adequate to signiﬁcantly suppress the im-
mune parameters and that the consumption of the probiotic yogurt
but not the whey probiotic beverage was capable of attenuating the
exercise-induced depression (Fig. 2). It can be seen that the exercise
protocol applied caused modest increases in the TNF-α concentra-
tions (Fig. 2A), whereas in the animals supplemented with probiotic
yogurt, the increases were signiﬁcantly smaller (P b 0.05). In the
present results, it can be seen that exercise did not clearly affect the
IL-1β levels (Fig. 2B), but the consumption of yogurt and probiotic yogurt
was capable of signiﬁcantly reducing the levels of this interleukin both in
the exhausted and sedentary animals. Signiﬁcant increased IL-6 concen-
trations were also observed after the strenuous exercise session, and the
probiotic yogurt and probioticwhey beverage increased the IL-6 concen-
trations in the exhausted and sedentary animals (Fig. 2C).
The results of immune system parameters, monocytes, segmented
neutrophils, lymphocytes and leucocytes (Fig. 2D–G), showed that
exhaustive exercise caused immune depression with common alter-
ations caused by exhaustive exercise in a sedentary organism which
was attenuated by the consumption of probiotic yogurt but not by the
probiotic beverage. Also in Fig. 2 (2H) a signiﬁcant increase (P b 0.05)
in SOD (superoxidedismutase) canbe seen in all the groups after exhaus-
tive exercise, SOD is a component of endogenous antioxidant system. A
complementary analysis of cell count of immune system is in Table 2
and showed signiﬁcant differences (P b 0.05) only for hematocrit, with
increases in concentrations for the exhausted animals.
The macronutrient consumption (Table 3) did not differ signiﬁcant-
ly (P > 0.05), since the control and experimental groups received the
same amounts of whey beverage or yogurt except for the probiotics.
The blood biochemical parameters in Table 4 showed a better lipid pro-
ﬁle of the animals of probiotic groups, with a clearly reduction of the
Ta
bl
e
2
Co
m
pl
em
en
ta
ry
pa
ra
m
et
er
s
(m
ea
n
w
it
h
SE
M
in
pa
re
nt
he
se
s)
of
im
m
un
e
sy
st
em
in
W
is
ta
r
ra
ts
fe
d
co
m
m
on
an
d
pr
ob
io
ti
c
yo
gu
rt
s
an
d
w
he
y
be
ve
ra
ge
s.
Fe
ed
in
g
ty
pe
Er
it
ro
gr
am
Le
uc
og
ra
m
Ex
er
ci
se
re
gi
m
e
H
em
ac
ia
s
μL
·1
03
H
T
%
H
em
og
lo
bi
n
g/
dL
M
CV
μL
M
CH
C
g/
dL
Er
it
ro
bl
as
t
%
Ba
st
on
et
N
eu
tr
op
hi
l
Eo
si
no
ph
ils
Ba
so
ph
ils
Pl
at
el
et
s
μL
·1
03
%
μL
%
μL
%
μL
Co
nt
ro
l(
on
ly
di
et
)
Se
de
nt
ar
y
79
65
±
25
4
42
.0
b
±
0.
6
15
.4
±
0.
5
59
±
1.
0
35
.1
±
1.
1
0
0
0
0.
2
±
0.
1
11
.4
±
1.
1
0
0
12
30
±
85
.5
Ex
ha
us
te
d
81
08
±
35
4
44
.5
ab
±
0.
7
16
.2
±
0.
6
57
±
0.
7
34
.9
±
0.
8
0
0
0
0.
2
±
0.
1
12
.2
±
0.
7
0
0
13
15
±
72
.1
Co
m
m
on
yo
gu
rt
Se
de
nt
ar
y
83
65
±
32
0
42
.1
ab
±
0.
8
15
.8
±
0.
6
59
±
0.
8
35
.5
±
1.
0
0
0
0
0.
2
±
0.
1
10
.7
±
0.
8
0
0
13
42
±
78
.9
Ex
ha
us
te
d
79
87
±
52
6
45
.2
ab
±
0.
7
15
.1
±
0.
7
55
±
0.
8
34
.1
±
0.
4
0
0
0
0.
2
±
0.
1
8.
1
±
0.
3
0
0
11
50
±
78
.2
Pr
ob
io
ti
c
yo
gu
rt
Se
de
nt
ar
y
81
21
±
26
5
43
.2
b
±
0.
6
16
.1
±
0.
5
53
±
0.
7
37
.1
±
0.
8
0
0
0
0.
2
±
0.
1
16
.2
±
0.
7
0
0
14
23
±
40
.5
Ex
ha
us
te
d
78
95
±
42
1
46
.2
a
±
0.
8
16
.1
±
0.
4
56
±
1.
1
37
.1
±
0.
8
0
0
0
0.
2
±
0.
1
11
.9
±
0.
4
0
0
12
92
±
51
.8
Co
m
m
on
w
he
y
be
v.
Se
de
nt
ar
y
80
79
±
41
2
42
.8
ab
±
1.
7
15
.9
±
0.
5
58
±
0.
8
35
.9
±
1.
2
0
0
0
0.
2
±
0.
1
10
.8
±
0.
9
0
0
11
99
±
70
.1
Ex
ha
us
te
d
78
96
±
43
2
44
.8
ab
±
0.
7
15
.2
±
0.
4
59
±
0.
9
34
.9
±
1.
0
0
0
0
0.
2
±
0.
1
8.
3
±
0.
5
0
0
10
22
±
63
.1
Pr
ob
io
ti
c
w
he
y
be
v.
Se
de
nt
ar
y
78
92
±
23
1
42
.2
b
±
0.
7
16
.1
±
0.
5
55
±
0.
4
35
.9
±
0.
9
0
0
0
0.
2
±
0.
1
15
.9
±
0.
9
0
0
13
01
±
68
.9
Ex
ha
us
te
d
79
23
±
36
5
46
.0
a
±
0.
9
15
.8
±
0.
5
57
±
1.
0
36
±
0.
8
0
0
0
0.
2
±
0.
1
11
.9
±
0.
7
0
0
10
83
±
86
.9
H
T
=
he
m
at
oc
ri
t;
M
CV
=
m
ea
n
ce
ll
vo
lu
m
e;
M
CH
C
=
m
ea
n
co
rp
us
cu
la
r
he
m
og
lo
bi
n
co
nc
en
tr
at
io
n.
D
iff
er
en
t
le
tt
er
s
ac
ro
ss
di
et
ty
pe
s
in
di
ca
te
si
gn
iﬁ
ca
nt
di
ff
er
en
ce
s
be
tw
ee
n
gr
ou
ps
(P
b
0.
05
).
N
o
le
tt
er
s
ab
ov
e
th
e
m
ea
ns
in
di
ca
te
no
si
gn
iﬁ
ca
nt
di
ff
er
en
ce
s
be
tw
ee
n
gr
ou
ps
(P
>
0.
05
).
121P.C.B. Lollo et al. / Food Research International 54 (2013) 118–124triglycerides (P = 0.019) and increases of the HDL cholesterol
(P b 0.001), another biochemical parameters of general health: glucose,
alanine transaminase (ALT), aspartate transaminase (AST), Protal (total
serum proteins), showed no signiﬁcant alterations (P > 0.05).
4. Discussion
The probiotics can improve the immune-system function and gener-
al health, this can be useful to minimize the immunosuppression that
follows intense and prolonged exercise. The objective of this study was
to assess the effect of the consumption of the probiotic yogurt or whey
beverage on the immune system of Wistar rats submitted to a bout of
intense, acute and prolonged physical exercise.
The tumor necrosis factor (TNF-α) is a cytotoxin produced by
leucocytes, adipocytes and the endothelium, which stimulates and
activates the immune system, also acting as a potent inﬂammatory
factor and having a central role in the systemic inﬂammatory response.
Thus an excessive production of TNF-α appears to be related to diseases
with aggression of the immune system towards healthy tissues. The in-
crease was caused by exercise TNF-α concentrations (Fig. 2A), whereas
in the animals supplemented with probiotic yogurt, the increases were
signiﬁcantly smaller (P b 0.05) consistent with the indications found in
the literature that acute and intense exercise increases the inﬂammato-
ry response (Lavoy, Bosch, Lowder, & Simpson, 2013) and that supple-
mentation with probiotic bacteria reduces it by reducing the TNF-α
(Lamprecht et al., 2012). The proposed exercise protocol, of just one
long and exhaustive sessionwas shown to be adequate to study such re-
sponses, since an organism accustomed to regular, gradual physical
training, among other improvements presents a reduced inﬂamma-
tory response in comparison with a sedentary organism (Ambarish,
Chandrashekara, & Suresh, 2012).
Interleukin IL-1β, as also TNF-α, is pro-inﬂammatory, and can be
liberated during exhaustive exercise. The ﬁrst two cytokines in the
cytokine cascade are TNF-α and IL-1β, which are produced locally.
The results of IL-1β levels (Fig. 2B), suggest a reducing stimulus on
the inﬂammatory state in probiotic yogurt and probiotic whey beverage.
The TNF-α and IL-1β stimulate the production of IL-6,which is a cytokine
that increases much more in the plasma with strenuous exercise as it
originates primarily from the contracting skeletal muscles (Febbraio &
Pedersen, 2002), and contrary to the TNF-α and IL-1β, IL-6 exerts an im-
portant anti-inﬂammatory role. Our results showed that the IL-6 concen-
trations in the exhausted and sedentary animals (Fig. 2C) increased,
during exercise the production of IL-6 seems to be a TNF-α independent
pathway (Petersen & Pedersen, 2005). Seen together, the equilibrium of
the interleukin pro-inﬂammatory principal (TNF-α and IL-1β) and the
anti-inﬂammatory principal (IL-6) suggests that the yogurt gives the
best response to the inﬂammatory cytokines, in the sense of reducing
the inﬂammatory response caused by the exercise and its consequent
immune depression.
In order to access the immune system functions, its principle
components were evaluated (Table 2 and Fig. 2D–G), highlighting
the following: monocytes, segmented neutrophils, lymphocytes and
leucocytes (Fig. 2D–G). It is evident from these facts that exhaustive exer-
cise caused immune depression, which was attenuated by the consump-
tion of probiotic yogurt but not by the probiotic beverage. The monocyte
concentration was reduced by exhaustive exercise (Fig. 2D), as also
the segmented or mature neutrophils, lymphocytes and leucocytes.
However, probiotic supplementation, both with yogurt and whey bev-
erage, was capable of attenuating the fall in monocytes and leucocytes
(Fig. 2D and G). Evenmore pronounced effects were seen when the an-
imals were supplemented with probiotic yogurt, which also changed
the size of the reduction in segmented neutrophils and lymphocytes
in the exhausted animals (Fig. 2E–F). Overall, the depression of the im-
mune function was directly proportional to the intensity and duration
of the exercise (Gleeson, 2007), which is consistent with the alterations
observed in Fig. 2D–G, which represent common alterations in the
Fig. 2. Common whey bev.: common whey beverage; Probiotic whey bev.: Probiotic whey beverage.
122 P.C.B. Lollo et al. / Food Research International 54 (2013) 118–124immune system caused by exhaustive exercise in a sedentary organism
(Gleeson, 2007).
Typically, the neutrophil concentration increased during and after
exercise, whereas the concentration of lymphocytes increased but then
fell below the initial values after the long-lasting exercise. The neutro-
phil:lymphocyte ratio has been proposed as a fast and simple indicator
of stress intensity and the inﬂammatory state (Zahorec, 2001), withintense and acute exercise being able to induce muscle micro-wounds
and an inﬂammatory response in the organism (Woods, Vieira, &
Keylock, 2009). Hence a decrease in neutrophils and an increase in lym-
phocytes are indicative of an inﬂammatory state. In rats fed probiotic
yogurt, the neutrophil:lymphocyte ratio was 2.6-fold higher (P b 0.001)
after exhaustive exercise, whereas in rats fed common yogurt, this ratio
was 3.2-fold higher (P b 0.001), indicating that the inﬂammatory state
Table 3
Mean macronutrient intake.
Protein Carbohydrate Lipids
Control (only diet) Sedentary 13.0 62.9 24.1
Exhausted 13.0 62.9 24.1
Common yogurt Sedentary 12.9 62.6 24.5
Exhausted 12.8 62.9 24.3
Probiotic yogurt Sedentary 13.0 62.6 24.4
Exhausted 12.9 62.5 24.6
Common whey bev. Sedentary 13.0 62.5 24.5
Exhausted 13.1 62.3 24.6
Probiotic whey bev. Sedentary 13.1 62.6 24.3
Exhausted 13.1 62.5 24.4
Total intake = percentage of total energy ingested. Groups did not differ signiﬁcantly
(P > 0.05).
123P.C.B. Lollo et al. / Food Research International 54 (2013) 118–124typically occurring after lasting and exhaustive exercise may be lowered
by the consumption of probiotics. The whey beverage and probiotic
whey beverage increased 3.4 and 3.6-fold, not being statistically different
from the control (3.3-fold).
In a recent study, Lollo et al., 2012 observed that the consumption
of large amounts of probiotic cheese, 20 g/day – about 50% of the food
mass ingested – impeded the immune depression caused by exercise.
In the present study, the probiotic yogurt was shown to signiﬁcantly
attenuate the immune depression, whereas the probiotic beverage
showedmoremodest effects. These results could be related to the capac-
ity of the different matrices to deliver the host organism, live probiotics,
into the intestine. In fact, the food matrix has been a topic of current re-
search in the probiotic ﬁeld (Ranadheera, Baines, & Adams, 2010) being
able to inﬂuence the functionality (Vinderola et al., 2012). Among dairy
foods, cheese can be an efﬁcient vehicle for the delivery of probiotic
bacteria (Coman et al., 2012; Madureira, Amorim, Gomes, Pintado, &
Malcata, 2011) since, in addition to possessing relatively high contents
of lipids, their proteins can function as buffers against the stomach acid-
ity, thus favoring the survival of the probiotic species in the gastrointes-
tinal tract (Cruz et al., 2009). Yogurt presents increased popularity and
performance as food probiotic carrier (Marafon et al., 2011) with the ad-
vantage of being a product appreciated by all types of consumer (Coman
et al., 2012). With respect to the probiotic whey beverage, it seems that
there is a limitation in the exploitation of the available whey peptides by
the probiotic cultures, which limits their growth in the product (Castro,
Cruz, Bisinotto, et al., 2013; Castro, Cruz, Rodrigues, et al., 2013).With re-
spect to the probioticwhey beverage, it seems that there is a limitation in
the exploitation of the available whey peptides by the probiotic cultures,
which limits the growth and activity in the product (Castro, Cruz,
Bisinotto, et al., 2013; Castro, Cruz, Rodrigues, et al., 2013). Indeed, the
foodmatrix seems to have a considerable effect about theviability of pro-
biotic bacteria (Ranadheera et al., 2010) and it has been demonstrated in
several previous studies (Vinderola et al., 2012).
The causes and functions of the alterations in the immune system
that follow exercise are not fully understood, but at least 2 links ofTable 4
Biochemical parameters.
ALT* AST* Protal*
Control (only diet) Sedentary 23.70ab ± 2.1 123.41ab ± 7.45 6.25a ± 0
Exhausted 25.42a ± 2.85 130.15a ± 9.12 5.95ab ± 0
Common yogurt Sedentary 22.95b ± 1.84 135.42a ± 8.45 6.79a ± 0
Exhausted 24.26ab ± 4.18 115.95b ± 22.6 7.19a ± 0
Probiotic yogurt Sedentary 27.4a ± 5.5 140.65a ± 38.91 5.23b ± 0
Exhausted 24.10ab ± 6.2 80.98c ± 24.9 5.27b ± 0
Common whey bev. Sedentary 23.55ab ± 3.5 127.65a ± 7.95 5.65a ± 0
Exhausted 20.86b ± 2.87 113.48b ± 17.82 6.34a ± 0
Probiotic whey bev. Sedentary 25.4ab ± 4.8 129.65a ± 19.65 5.23b ± 0
Exhausted 23.20ab ± 4.0 105.47c ± 20.16 6.19b ± 0
*U/L; **mg/dL. HDL — high-density lipoprotein; ALT — alanine transaminase; AST — aspart
cholesterol. Different letters across diet types indicate signiﬁcant differences between grouinteraction between exercise and the immune system have been
identiﬁed, (1) hormonal responses: micro-wounds generated by in-
tense exercise would increase the production of cytokines (Fig. 2A–C)
eliciting an inﬂux of lymphocytes, neutrophils, monocytes and other
types of cell to heal the damaged tissue (Pedersen & Hoffman-Goetz,
2000) and; (2) the production of free radicals. Just one session of
exhaustive exercise is able to signiﬁcantly increase the production of
free radicals (Bloomer, 2008), and the immune system cells may be
vulnerable to oxidative stress (Gill, Tsung, & Billiar, 2010). The ingestion
of probiotics is able to increase the levels of plasma antioxidants and
neutralize the effects of oxygen reactive species. Furthermore, stimula-
tion of the immune system decreases the inﬂammatory state and pre-
vents the oxidative stress induced by cytokines (Martarelli et al.,
2011). Due to the possible anti-oxidative and anti-inﬂammatory prop-
erties of probiotics, beneﬁts could be conferred to the immune system
of sedentary hosts submitted to exhaustive exercise, consequently neu-
tralizing the production of reactive species of oxygen (Martarelli et al.,
2011). Superoxide dismutase (SOD) and catalase are important en-
zymes making up the endogenous antioxidant system that defends
the cells and tissues against attacks by free radicals. A considerable in-
crease in SOD can be seen in all the groups after exhaustive exercise
(Fig. 2H), demonstrating that the oxidative stress caused by the exercise
demanded more of the organism's defenses against attacks by free
radicals. The results also show that the muscle SOD levels were lower
in all of the treatments as compared to the control, but that they were
signiﬁcantly lower in the group that received the probiotic yogurt
than in any of the other exhausted groups, indicating a reduced demand
on the defenses against free radicals in this group. In fact the literature
has already pointed out the antioxidant capacity of probiotic supple-
mentation (Amaretti et al., 2013).
The proximate and amino acid compositions (Table 1) of the 2
diets and the macronutrient consumption (Table 4) showed equilibri-
um between the groups in macronutrient consumption with no sig-
niﬁcant differences (P > 0.05) for carbohydrates, protein and lipids.
It is worth mentioning that glutamine, an amino acid known to stim-
ulate the immune system (Abcouwer, 2000) showed similar concen-
trations in both groups, conﬁrming that no glutamine-dependent
immune modulation occurred. The general health indicators of the
animals were also analyzed (Table 4). The capacity of the probiotics
to alter the blood lipid proﬁle of the sedentary animals can be clearly
seen (Table 4), reducing the TG (P = 0.019) and raising theHDL choles-
terol (P b 0.001), in agreement with the results of other researchers
(Huang & Zheng, 2010). Studies have shown a relationship between
the plasma lipids and the Lamprecht immune response (Im et al.,
2011). However the lipid proﬁles of the rats exercised to physical ex-
haustion did not vary signiﬁcantly, probably because of the great per-
turbations in homeostasis caused by the excessive exercise. For the
remaining parameters such as hepatic function (AST and ALT) and nu-
tritional state (total serum protein), the changes observed were within
the normal range, attesting to the regular health state of the animals on
both diets.TAG** Chol** HDL** Blood glucose**
.42 139.40a ± 12.1 75.35a ± 6.54 11.5b ± 0.5 116,24a ± 7.42
.58 102.81b ± 12.94 70.24a ± 6.21 12.1b ± 0.4 95,35b ± 9.79
.34 137.12a ± 16.1 69.31ab ± 5.79 12.1b ± 0.3 112.56a ± 12.17
.43 60.30c ± 10.07 54.87b ± 8.47 10.89b ± 0.78 89.28c ± 7.98
.37 140.73a ± 14.78 59.59b ± 6.58 18.03a ± 3.52 102.21b ± 7.22
.27 62.38c ± 16.18 55.65b ± 11.71 19.05a ± 2.09 91.89c ± 9.86
.48 148.65a ± 20.53 78.45a ± 7.7 10.9b ± 0.5 125.65a ± 18.65
.68 89.98bc ± 17.81 65.84b ± 7.58 10.89b ± 0.78 109.85ab ± 14.05
.37 93.57b ± 15.87 62.48b ± 8.96 15.18a ± 2.88 118.45a ± 7.22
.61 78.90c ± 17.4 58.48b ± 15.65 17.80a ± 1.8 100.11b ± 11.65
ate transaminase; Protal — total serum proteins; TAG — triacylglycerols; Chol — total
ps (P b 0.05).
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In conclusion, the results obtained in this study agree with the lit-
erature which indicates the capacity of probiotics to improve the im-
mune system. In the present study, the combination of nutrients and
probiotic bacteria of yogurt was the set that best performed this role,
appearing to be more efﬁcient in attenuating the immune depression
caused by exhaustive exercise than the whey probiotic beverage. This
improvement in the immune system could be related to the improve-
ment in the plasma lipid proﬁle caused by the probiotic supplementation,
and also to the antioxidant power of probiotic supplementation. These
two factors could have an important role in the health, directly favoring
maintenance of the immune system functions even in critical situations
such as exhaustive exercise, as can be seen in the data shown here.
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